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ABSTRACT 


This  report  contains  the  derivations  of  approxiEate  fornulas 
for  radar  displacement  and  radar  parallax.  The  relationship  "between 
image  displacement  and  parallax  in  the  radar  and  in  the  photographic 
case  is  developed  with  the  derivation  of  the  formulas. 

Fhotographlc  projection  is  a record  of  angles,  whereas  a radar 
presentation  is  a record  of  distances.  Photographic  relief  displace- 
ment is  given  "by  the  relief  times  the  cotangent  of  the  vertical 
angle  5 radar  relief  displacement  is  approximated  "by  the  relief  times 
the  sine  of  the  vertical  angle.  Uhllke  photographic  parallax,  which 
is  independent  of  target  position,  the  direction  end  magnitude  of 
radar  parallax  is  a function  of  target  position. 

It  is  concluded  that: 

1.  In  most  cases  encoimtered  in  practice,  radar  relief  dis- 
placements may  be  approximated  by  the  formular  y 

djj  = h sin  ffi  = __  ^ 

V ^ 


2.  those  cases  where  a more  accurate  solution  is  desired, 

the  second  approximation  becomes; 

dB  . h =ln  I'  = 

V (H  - h/2)^  + 


3. 

parallax 


A usable  approximation  for  relief  computations  from  radar 
is  given  by  a single  solution  of  the  iteration  formula: 


^ pSi  S2 

- b(H  - hn/2) 


(32) 


The  quality  of  the  data  obtained  from  present-day  radar 
presentations  does  not  warrant  a quantitative  investigation  of  these 
formulas,  nor  the  design  of  an  instrument  for  contouring  from  over- 
lapping radar  presentations. 


(Hote : A glossary  of  symbols  follows . ) 


It  is  recommended  that:  No  further  development  of  formulas  for 

radar  relief  displacement  nor  design  of  equipment  for  contouring 
from  overlapping  radar  presentations  be  'undertaken. until  the  quality 
of  data  from  radar  presentations  warrants  additional  investigation. 
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GLOSSAKf  OF  SYMBOLS 


vli 


= Position  of  the  aircraft 

= Position  at  datum  vertically  "below  aircraft  (nadir  point) 

- Position  of  the  target 

= Position  of  the  target  projected  to  datum 
= Distance  from  aircraft  to  target  (slant  range) 

= Distance  from  aircraft  to  datum  position  of  target 
= Hei^t  of  aircraft  above  datum 
= Hel^t  of  target  above  datum 

= VB  = Distance  from  target  to  nadir  (ground  range) 

= Relief  displacement 

= Relief  displacement  in  the  radar  case 

s Relief  displacement  in  the  photographic  case 

= Vertical  angle  to  the  aircraft  from  a point  midway  between 
the  target  and  the  datum  position 

= Vertical  angle  to  the  aircraft  from  the  target 

= Horizontal  angle  at  the  nadir  point  between  the  target  and 
the  nadir  point  of  the  following  presentation 

= LT  = Distance  from  aircraft  to  target  (slant  range) 

= Congjonent  of  ground  range  parallel  to  the  air  "base 

= Conponent  of  ground  range  perpendicular  to  the  air  base 

= Parallax 

* Distance  "bietween  succeeding  nadir  points  (air  base) 

= Distance  from  aircraft  to  a point  midway  between  the  target 
and  its  datum  position 

= Eccentricity  of  a conic  section 

= nth  approximation  to  height  of  target  above  datum 
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RADAS  BELIEF  DISPIACEMEIHT 
and 

RADAS  PARALLAX 


I.  INTRODUCTION 

1.  Subject.  This  report  contains  the  derivation  ^of  formulas 
for  radar  relief  displacement  and  radar  parallax,  and  the  determina- 
tion of  these  quantities  from  the  formulas  derived. 

This  Investigation  was  conducted  under  authority  contained 
in  Project  8-97-90-001,  "Utilization  of  Radar  Presentations  for 
Topographic  Mapping."  A copy  of  the  project  card  appears  as  Appen- 
dix A to  this  report. 

2.  Personnel.  This  investigation  was  conducted  by  Randall  D. 
Esten,  under  the  supervision  of  Archer  M.  Wilson,  Chief,  Map  Compila- 
tion Techniques  Section,  and  under  the  general  supervision  of  Gilbert 
G.  Lorenz,  Chief,  Map  Con?)ilatlon  Branch,  and  William  C.  Cude,  Chief, 
Topographic  Engineering  Department,  during  the  period  from  November 
1950  to  April  1951. 


II.  INVESTIGATION 

3.  Derivation  of  Radar  Relief  Displacement  Formula.  A radar 
system  is  fundamentally  a meastirer  of  distance”  Differences  in 
vertical  hei^t  are  detected  by  the  radar  system  as  differences  in 
distance  and  recorded  as  a rEidial  displacement.  In  Figure  1 the  re- 
lief displacement  is  the  difference  in  the  lengths  of  lines  LB  and 
IT  or; 


LB  - IT  = d = Vh^  + r2  - V(H-h)^  + r2 


(1) 


This  equation  as  it  stands  is  rather  difficult  to  analyze,  so  it  is 
e3(panded  and  simplified.  Squaring  and  rearranging  the  terms,  it 
becomes; 


h2  - 2hH  + h2  + r2  = # + + d2  . 2d  \/^~TW 

r.o oi  p 


= d^  + h^  + 4h%^  + 4d^Hh  - 2d%i^  - 4h3H 
gg  4.  ^ -^h3E  ^ 
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Aircraft 


d = /h*  + R*  - v/(H-h)2  +R2 


Torgat  T, 


Ootum 


Fig.  1.  Radar  relief  displacement. 

A substitution  of  for  d^  is  to  be  made  for  the  third  term 

within  the  parentheses.  Biis  substitution  is  made  to  simplify  the 
solution  for  d and  is  Justified  by  the  fact  that,  with  the  relative 
magnitudes  involved,  the  niamerical  effects  on  the  equation  is  small 
Since  the  Justification  is  somewhat  long,  the  proof  is  carried  out 
in  Appendix  B.  Making  this  substitution,  equation  (2)  becomes; 

Ud^hH  - d^h^  . kh^H^  - 4h3H  + h^ 


= Hh  - + h%^  - h3H  + y A 

H d^ 

Rearranging  the  terms,  taking  the  sqijare  root  and  solving  for  d 
the  expression  becomes: 


(h2  - Hh  + 1^)  + R?  = (H  - 


+ 1^  = ^ (H  “ |) 
d ^ 
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Since  reference  will  be  made  to  photographic  relief  displacement, 
distinction  will  be  made  in  the  syiribols  for  the  radar  and  photo- 
graphic cases  by  using  a subscript  R for  the  former  and  subscript  P 
for  the  latter.  In  the  present  case,  therefore,  dp  is  substituted 
for  d and  becomes; 


Vf  ■ I)  ^ ^ 

Referring  to  Figure  2 it  may  be  seen  that  this  equation  can  be  ex- 
pressed in  trigonometric  form: 


dp  = h sin  ®' 


(second  approximation) 


where  5'  is  defined  as  the  vertical  angle  to  the  exposure  station 
from  a position  midway  between  the  elevation  in  question  and  the 
datum. 


Fig.  2.  Trigonometric  relations  (radar  relief  displacement), 
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When  the  relief  Is  snail  compared  to  the  hel^t,  this 
angle  may  be  assumed  equivalent  to  the  vertical  angle  to  the  e3q>o- 
sure  station  and  written  as: 


dp  = h sin  <E 


(first  approximation) 


Table  I is  a comparison  of  the  true  relief  displacement  given  by 
eqxiatlon  (l),  with  values  from  the  first  and  second  approximations. 

Photographic  Belief  Displacement  and  Photographic  Parallax. 
As  shown  in  Figure  3j  photographic  relief  displacement  may  be  given 
in  a form  similar  to  equation  (5);  l.e. 

dp  ar  h ctn  S (6) 

A con?>arison,  or  rather  the  contrast,  of  the  two  types  of  relief 
displacement  is  shown  in  Flgiare  4. 

In  determining  relief  from  either  a pair  of  photographs 
or  radar  presentations,  it  is  not  the  relief  displacement  of  a 
point  which  is  measured,  but  the  vector  difference  of  the  relief 


^ hR 

' FT^  ' ' 

ctn  f 

T 

h 

T*  d 8 

Fig.  3 

. Fhotographie-rellef  displacement. 
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Fig.  5.  Belatlon  between  vert5.cal  and  horizontal  angles 
(aerial  photos). 


dlsplacemsnt  of  a single  point  as  aieasured  on  two  displays  made 
from  different  positions,  l.e.,  the  parallax.  describing  radar 
parallax,  it  is  useful  and  instructive  to  compare  it  to  photographic 
parallax . 

!Hie  conversion  from  the  vertical  angle  (S)  between  a 
point  and  the  e:^)osure  station  to  the  horizontal  angle  (0)  between 
the  air  base  and  point  position  measured  at  the  nadir,  is  shown  in 
Figure  5 and  given  by: 

ctn  5 sin  0 = (T) 

Substituting  the  value  for  ctn  2 in  equation  (6)  for  photographic 
relief  displacement  gives; 

dp  - h ctn  « = (H  - h)^Bln  0 “ 

TeJclng  the  X and  Y coneponents  of  d: 


i 
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(9) 


dpy 


(10) 


Parallax  is  merely  the  difference  in  these  dii^lacements  for  a given 
air  base.  Let; 

X2  - Xi  = B (11) 

and  since 

Y2  = Yi  (12) 

therefore 

5’x  = «(PX)2  • 

Py  = «(py)2  - 

In  Figure  6 relief  displacements  are  illustrated  for  a 
single  tai^t  as  seen  from  two  successive  exposure  stations.  The 
bottom  of  the  target  B is  at  the  datum  elevation  to  which  the  relief 
is  referred.  The  top  of  the  target  T is  displaced  radially  outward 
from  the  nadir.  Ih  each  case  the  origin  of  the  two  plots  represents 
the  orthogonal  projection  of  the  exposure  station  (the  nadir)  V.  In 
Figure  7 the  two  plots  have  been  superinposed  on  the  datum  position 
of  the  targets.  This  figure  represents  the  relief  displacement  for 
relief  h at  a distance  Y from  the  air  base  as  seen  at  angles  ®1  and 
®2  from  the  air  base.  Notice  that  the  displacements  are  radially 
away  from  the  nadir  (for  positive  relief)  and  Increase  directly  as 
the  distance  from  the  nsuilr,  and  that  the  parallax  for  the  two  expo- 
sures shown  is  merely  the  vector  difference  of  the  displacements. 

For  vertical  exposures  this  parallax  is  always  parallel  to  the  air 
base . 


Bh 

H - h 


= 0 


(15) 


(14) 


In  Figure  8 another  target,  at  the  same  elevation  and  at 
the  same  Y distance  althou^  displaced  in  X,  is  shown  as  seen  from 
the  aame  two  exposure  stations.  In  this  case,  although  the  relief 
displacements  are  dissimilar,  the  parallax  is  equal  and  parallel  to 
the  parallax  in  Flgurxi  7-  This  is  an  illustration  of  formula  (13) 
which  states  that  the  X-parallax  is  proportional  only  to  the  air 
base  and  the  hel^t  factor  h/H-h.  If  the  Y position  of  the  target 
is  altered,  as  shown  in  Figure  9>  the  relief  displacements  are  like- 
wise altered,  but  the  magnitude  and  direction  of  the  parallax  re- 
mains unchanged.  If  the  relief  h were  increased,  the  dlsulacements 
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Fig.  8.  Photographic  patallax  (Case  l) 


Fig.  9.  Photographic  parallax  (Case  II). 


Fig.  10.  Photographic  parallax  (Case  III). 
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Pig.  12.  Relation  between  vertical  and  horizontal  angles 
(radar  presentations). 


I 


I 

1 


paral|lax  for  a graticule  of  points  at  the  same  elevation.  It  is 
obvioiis  that  the  parallax  in  each  case  is  equal,  and  parallel  to 
the  air  base  V^Vg.  Thus  to  determine  hei^t  from  photographic 
parallax,  the  measured  values  of  air  base  and  parallax  are  merely 
substituted  into  formula  (13)  solved  for  h; 


h . 

b + p 


(15) 


5.  Derivation  of  Radar  Parallax  Formula.  Turning  now  to 
radar  presentations,  the  conversion  from  vertical  to  horizontal 
angles  is  changed  sli^tly  to  conform  to  equations  (3)  and  (4)  'vftiich 
involve  an  (H  - h/2)  in  place  of  (H  - h).  In  Figure  12: 

ctn  sin  9 = (l6) 

Applying  these  results  to  (4) 

dj[  = h sin  ®'  (4) 
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and  using  the  Identity 


sin  S'  = 


+ ctn2  i* 


dR  becomes: 


(H  - h/2)  sin  6 


h sin  9 

^sin^G  + 

TT 


yig.  13.  Itexiar  relief  displacement. 


Proceeding  as  in  the  photographic  case.  Figure  I3  illus- 
trates radar  relief  dlsplaceiiient  for  a single  target  as  seen  from 
two  successive  exposure  stations.  55ie  bottom  of  the  target,  is 
again  s,t  the  dat\jm  e3.evatlon  to  which  the  relief  is  referred.  How- 
ever, in  the  radar  presentation  the  top  of  the  target,  T,  is  dis- 
placed radially  inward.  In  each  case  the  origin  of  the  two  plots 
represents  the  nadir  points . In  Flgfure  l4  the  two  plots  have  been 
suj>e]rlii3>osed  on  the  dat\jm  position  of  the  targets.  This  figure 
represents  the  relief  displacement  for  relief  h at  a distance  Y 
from  the  air  base  as  seen  at  angles  ©3^  and  ©2  from  the  air  base. 
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h(H-K/2) 


Fig.  l4.  Radar  parallax. 


Notice  that  the  displacements  are  radially  inward  (for  positive  re- 
lief) and  decrease  directly  as  the  distance  from  the  nadir.  Paral- 
lax for  the  two  exposures  shown  is  merely  the  vector  difference  of 
the  displacements  and  is  dependent  in  magnitude  eund  direction  on 
the  position  of  the  target  in  question. 

In  Figure  15  another  target  at  the  same  elevation  and  at 
the  same  Y distance,  but  displaced  in  X,  is  shown  as  seen  from  the 
same  two  e^qposure  stations.  In  this  case  the  disp] acemeats  are  dis- 
similar and  the  parallax  is  neither  equal  nor  parallel  to  the 
parallax  of  a target  at  the  same  height  but  in  a different  position. 
The  magnitude  of  the  parallax,  however,  is  approximately  inversely 
proportional  to  the  product  of  the  slant  ranges  from  the  two  exposure 
stations.  If  the  relief  h were  Increased,  the  displacements  would 
be  increased  by  approximately  the  same  factor,  and  the  parallax 
would  also  be  increased  by  this  factor  and  would  remain  parallel  to 
the  parallax  for  a target  of  different  elevation  at  the  same  posi- 
tion. Hiis  is  Illustrated  in  Figure  l4.  If  the  Y position  of  the 
target  is  altered  as  shown  in  Figure  l6,  the  magnitude  suid  direction 
of  both  the  relief  displacements  and  parallax  change. 

For  the  special  case  of  Y = 0 (and,  therefore,  sin  © = O) 
i.e.,  points  along  the  fll^t  line,  formula  (17)  is  Indeterminate 
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Figure  17  is  an  example  of  this  case. 

If  the  slant  range  to  the  midpoint  of  the  relief  |^given 
"by  V(H  - h/2)^  + in  equation  (I8)]  is  symbolized  hy 

the  relief  displacement  may  he  given  hy; 


This  is  in  distinct  contrast  to  photograidiic  relief  displacement 
irtilch  is  given  hy  equation  8. 


(8) 


Several  important  observations  may  he  made.  As  mlgpit  he  e3q>ected, 
the  relief  displacement  in  both  cases  is  proportional  to  the  relief, 
hut,  Pereas  photographic  relief  displacement  is  directly  propor- 
tional to  the  groiind  range  and  inversely  proportional  to  the  hel^t 
above  the  point,  radar  displacement  is  directly  proportional  to  the 
height  above  the  point  and  Inversely  proportional  to  the  slant  range. 


The  envelope  of  photographic  relief  displacements  gi”^en 
hy  equation  (8)  is  a straight  line,  the  distance  of  vhich  from  the 
target  is  a function  only  of  the  flight  altitude  and  the  relief. 
These  lines  have  been  shown  in  Figures  6-11. 
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The  envelope  of  radar  relief  displacements  as  approxi- 
mted  by  equation  (20)  is  a circle  having  a diameter  of  h (H-h/2)  /y 
and  passing  throu^  the  target  in  such  a way  that  the  diameter  in- 
cluding the  target  is  perpendicular  to  the  air  base.  The  circle  has 
been  shown  in  Figures  13-l8.  However,  this  is  only  a second  approxi- 
mation. Referring  back  to  eqviation  (IT)  (first  approximation)  these 
curves  become  quadratics  which  fit  no  conic  section,  but  resemble 
ellipses  with  an  eccentricity  equal  to: 


e = 


H - h/2 
Y + H - h/2 


(21) 


Thus,  when  Y is  considerably  greater  than  H,  e approaches 
zero,  and  the  ellipses  approach  circles;  and  when  Y is  zero,  e is 
unity,  and  the  quadratic  becomes  a straight  line. 


i r 
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Fig.  19.  Geometric  relationships  in  radar  parallax. 


To  illustrate  the  dependence  of  the  direction  and  magni- 
tude of  radar  parallax  on  target  position.  Figure  18  has  been  drawn 
to  show  relief  displacements  and  resulting  parallax  for  the  same 
graticule  of  points  illustrated  in  Figure  11.  Ihis  dependence  is 
clearly  shown. 

In  order  to  obtain  an  approximate  measure  of  height  from 
radar  parjillax  readings  equation  (20)  is  developed  as  shown  in 
Figure  19 . 


1 O ■ 


diSi  = dgSg  = h(H  - h/2) 


iL. 

d2  “ 
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and  since  angle  is  common  to  both  triangles 

V1BV2  00  T^BTi 

Using  this  fact  the  following  statements  nay  be  made: 

P _ ^ 
b S2 


p ^ *3.iSi 
b B2Sj_ 

and  substituting  the  value  of  d^S^  from  equation  (23),  equation  (26) 
becomes: 


p ^ - 


Ihis  is  the  magnitude  of  the  parallax  vector.  The  angle  at  which 
it  is  effective  is  given  by: 


© sr  - (©j^  + ©g) 


therefore  the  X-parallax  is  given  by: 


^ b cos  (©1  + ©2) 


and  the  Y-parallax  by: 


ly  expanding  eqviation  (27)  and  solving  the  quadratic  for  the  relief, 
it  becomes: 


h = H - 1/h2  + ^^1^2 


Wiis  eqimtion  is  rather  clumsy  and  a faster  solution  is  obtainable 
by  an  iteration  formula: 
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h -1  - P ^1^2 

b i'H  - h. 


(H  - hn/2. 


This  formula  is  solved  by  placing  = 0,  or  to  some  approximate 
value  if  there  is  any  elevation  information  available,  and  solving 
for  In  the  second  solution  the  value  of  is  used  for  hjj 

and  the  equation  resolved  for  Generally  the  accuracy  of  the 

data  Justifies  only  a single  solution,  but  the  approximation  con- 
verges very  rapidly  to  the  value  given  by  equation  (3l)  and  a second 
solution  is  only  a matter  of  a single  multiplication  and  division. 
The  error  in  the  first  solution  will  be  of  the  order  of  h/2H. 

Table  II  is  a list  of  heists  computed  using  fonnulas  (31) 
and  a single  solution  of  (32)  for  a rectangular  grid  of  points  with 
a relief  of  1,000  feet.  Note  the  error  (32)  - (31)  is  very  nearly 
constant,  h/2H  = 5 percent.  In  Figure  20  the  solid  lines  illustrate 
lines  of  equal  parallax  for  constant  relief  and  the  air  base  as 
shown.  The  dotted  lines  are  lines  of  equal  parallax  direction. 

Note  that  the  sets  of  curves  are  orthogonal. 

Table  II.  Error  in  Belief  Con^jutations  from  Parallax 
according  to  Equations  (31 ) and  (32) 

H * 10,000  ft  V-,  Vo  X 


B = 10,000  ft 
h = 1,000  ft 


Elevation  Error  in  ’io 


Y-coordinate 

X-coordinate 

10,000 

20,000  30,000 

* 40,000 

50>ooo 

10,000 


So,  00b' 


30,000 


50,000 


' -2.0 

^ ' 

-6.8 

-( 

r 1.8 

-0.] 

r -3.4 

-5.] 

1-  0.5 

-0.] 

r -4.5 

-5.] 
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Lines  of  Equal  Parallax  Magnitude 

Lines  of  Equal  Porollax  Direction 

Fig.  20.  Radar  parallax  (lines  of  equal  magnitude  and 
direction) . 


III.  DISCUSSION 

6.  Evaluation  of  Formulas.  From  equation  (32)  it  is  appar- 
ent that  for  a given  air  base,  flight  height,  and  target  position, 
the  hei^t  is  a linear  function  of  parallax.  Thus  an  n percent 
error  in  the  measurement  of  paralleoc  would  result  in  an  n percent 
error  in  the  height  computations.  This  is  an  Important  considera- 
tion in  the  design  of  any  radar  contouring  apparatus.  On  35  lun 
negatives  the  parallax,  at  an  average  range  of  20,000  ft  on  10 
nautical-mile  scans  under  the  conditions  given  in  Table  II,  is 
approximately  7 mils  or  0.179  ram-  A slight  error  in  the  measurement 
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of  parallax  vould  mean  a considerable  error  in  elevation.  The  points 
are  not  positioned  accirratel^'-  enou^  on  the  film  in  the  first  place 
to  jviBtlfy  precise  measurement.  Tforeover,  a sin5>le  contouring  in- 
strument woxild  in  all  probability  measure  only  a component  of  the 
parallax  and  thus  further  reduce  the  accuracy  of  the  results. 

General  consideration  of  image  displacement  for  normal 
angtdar  parallax  reveals  several  unusual  features.  First  of  all, 
according  to  the  preceding  development,  the  magnitude  of  parallax 
shoxild  fall  off  rapidly  vlth  increasing  range,  while  the  direction 
of  parallax  should  vary  throu^  nearly  360“.  This  indicates  that 
if  two  presentations  were  viewed  stereoscopically  there  would  be 
strong  height  lapressions  90°  from  the  base,  decreasing  as  the  dist- 
ance from  the  base  increases.  Also  there  would  be  areas  of  no  re- 
lief iii5>reBSion  whatsoever.  However,  this  does  not  seem  to  he  the 
case.  The  iugiresslon  obtained  in  viewing  two  overlapping  radar 
photographs  in  reversed  position  is  one  very  similar  to  viewing 
aerial  photographs  in  the  normal  position.  The  general  relief  im- 
pression, althou^  exaggerated,  corresponds  to  the  known  configur- 
ation of  the  ground  and  does  not  exhibit  tho  dependences  on  posi- 
tion predicated  by  normal  angular  parallax.  The  reason  for  this 
seems  to  be  due  primarily  to  displacements  caused  by  aspect  fluctu- 
ation and  the  effects  of  radar  shadows  which  mask  the  predicated 
effect  of  normal  angular  parallax. 

Aspect  fluctuation  is  the  variation  in  the  apparent  posi- 
tion of  a target  due  to  the  changing  angle  of  view.  In  Figure  21 
the  radar  equipped  aircraft  approaching  from  the  west  picks  up  the 
wesf  wall  of  the  taxget  hullding.  Interpret Ing  from  the  radar  infor- 
mation, the  position  of  the  target  would  he  placed  at  position  1. 

Any  possible  returns  from  the  remaining  sides  or  the  top  would  he 
reflected  away  from  the  aircraft.  As  the  aircraft  passes  to  the 
north,  th^f  north  wall-  of  the  target  registers  on  the  radar  screen 
and  woxild  be  plotted  at  2.  Likewise,  after  passage,  the  east  wall 
of  the  target  is  registered  and  plotted  at  3-  The  resolution  of 
present  radara  is  not  great  enoxi^  so  thet  the  various  returns  can 
be  distinguished,  i.e.  the  return  from  the  west  wall  looks  „ust  like 
the  retxirn  from  the  east  wall,  and  without  further  infoimation  they 
must  he  matched  as  identical  points.  If  the  elevation  of  the  target 
and  its  dlmexislons  were  known  these  plotted  positions  could  be  cor- 
rected and  the  true  position  of  the  target  determined.  However, 
this  is  generally  the  type  of  information  sou^t  and  not  available 
beforehand. 

In  teims  of  stereoscopic  vision,  the  brain,  being  unable 
or  unwilling  to  distinguish  between  returns  from  the  west  wall  and 
the  east  wall,  accepts  the  returns  as  being  from  identical  targets 
and  fuses  them,  giving  a false  inpression  of  position  and  elevation. 
In  the  general  case  the  target  will  not  have  the  rectangular  shape 
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of  a 'building,  "but  will  vaiy  considerably  depending  on  the  rugged- 
ness of  the  relief,  but  the  same  type  of  fluctuation  will  occur. 
Corresponding  to  the  amount  of  this  fluctuation  and  the  presenta- 
tions engjloyed  to  make  the  identification,  the  coaposite  target  will 
be  plotted  out  of  position. 

Such  problems  as  the  extremely  small  scale  of  the  original 
presentation,  the  lack  of  target  resolution  and  aspect  fluctuation 
of  the  target  prcihibit  further  investigation  of  contouring  except 
on  a theoretical  basis.  Enphasls  might  better  be  placed  on  the  de- 
velopment of  planimetric  mapping. 


7. 


IV.  COMCLUBIOHS  ABB  'I?EC0MME3IMTI0NS 
Conclusions.  It  is  concluded  that: 


a.  In  most  cases  encountered  in  practice,  radar  relief 
displacements  may  be  appraximated  by  the  formula. 


dp  = h sin  2 s 


hH 


hH 


(5) 


b.  In  those  cases  iftiere  a more  accurate  solution  is  de- 
sired the  second  approximation  becomes: 


d-n  s h sin  S'  s 


h(H  »»  h/2)  h(H  - h/2) 

j/(H  - h/2)2  + 


(k) 


c.  A usable  approximation  for  relief  cong)utations  from 
radar  parallax  is  given  by  a single  solution  of  the  iteration  formula; 


^ PS3S2 

^+1  - b(H  - hn/2) 


(32) 


d.  Ihe  quality  of  the  data  obtained  from  present  day 
radar  presentations  does  not  warrant  a quantitative  investigation 
of  these  fomailaH,  nor  the  design  of  an  instrument  for  contouring 
from  overlapping  radar  preBentatlonSi 

8.  Recommendations . It  is  recommended  that  no  further  develop- 

ment  of  formulas  for  radar  relief  displacement  nor  design  of  equip- 
ment for  contouring  from  overlapping  radar  presentations  be  under- 
taken until  the  quality  of  data  from  radar  presentations  warrants 
additional  investigation. 
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Item  Mo.  lK2k,  CETC  Meeting  #201 

[as.  RRQllltiRSllT  AND/OR  JuSilflCATlOR  A iieed  fxists  for  research  and  study  ori  techniques 
for  compiling  topographic  maps  from  information  obtained  with  radar  and  other 
types  of  airborne  electronic  presentations.  Hie  development  of  such  procedures 
may  permit  napping  to  be  accomplished  from  data  gathered  at  night  or  during 
overcast  conditions.  This  project  may  provide  methods  which  will  substantially 
Improve  combat  effectiveness. 


ilii.iEiiroF  PROJin  ANs  ouinm 

a.  REFEREKCES: 

(1)  Etiglneering  Division,  Air  Ifeteriel  Command,  Memorandum  Report,  "Radar 
Mapping  Project  of  Peru-Ecuador  Boundary",  dated  30  April  19**6. 

(2)  War  Department  Equipment  Board  Report,  dated  29  fby  19*a6,  Section  XIX, 
Paragranh  1,  General. 

(3)  Training  tenual,  "Interpretation  of  Radar  P.P.I.  Scope  Photographs", 

Office  of  the  Assistant  Chief  of  Air  Staff -2,  Hq,  USAAF,  dated  June  19*a6. 

(4)  Report  entitled  "Mapping  by  Ifedar"  by  Lt.  Howard  P.  Smith,  Jr.  U.S.A.F., 
Randolph  Field,  Texas,  dated  2 February  19^. 

(5)  Report  entitled  "Tqpofax"  by  Haller,  Raymond,  and  Browii,  Inc.,  State 
College,  Fa.,  dated  8 Sept  19**8,  for  Air  Materiel  Command,  Wri^t  Field. 

b.  OBJECTIVE: 

(l)  To  obtain  knowledge  and  keep  abreast  of  the  art  of  obtaining  information 
from  radar  and  other  types  of  airborne  electronic  presentations  in  order  tej 
determine  their  possible  application  and  utilization  for  topographic 
mapping. 

c.  MILITARI  CHARACTERISTICS: 

(l)  Not  applicable. 

d.  DISCUSSION: 

(l)  Hie  constant  development  of  airborne  electronic  equipment  and  flying 
procedures  requires  parallel  mapping  research  if  naximum  utilization  of 
the  equipment  is  to  be  realized  (reference  2la(2)).  Hie  ability  to 
utilize  radar  equipment  successfully  in  gathering  the  information  needed 
for  mapping  would  permit  the  scheduling  of  missions  for  any  time  of  the 
day  or  night,  and  would  eliminate  many  mapping  delays  now  attributed  to 
poor  photographic  weather.  Research  for  determining  mapping  require- 
ments  and  for  developing  napping  procedures  and  technloues  is  needed. 
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RUEARK  MB  eEVELamm  NHMECT  CMO  (NEH  raOJECTDIfaStC.  c |«.n(M.K>.  tl-97-90-001  |l 

1 1.WWSBT  flHl  OTILJ2Aa?I0N  OF  RADAR  PRESHffiAIKNS 
li  TOPOGRAPHIC  MAPPING 

A.OOONtUlIt  AOMW  OCE 

i.itpdkt  bitsi2  July4^ 

not  only  to  prepare  for  possible  wartime  napping,  but  also  to  aocomplish 
as  e35>editiously  as  possible  militaiy  peacetime  mapping. 

(2)  References  21.a(l),  21a(3),  ani  21a(4)  indicate  that  small  scale  aeronauti- 
cal charts  can  na/  be  made  from  ra^r  photography.  In^irovements  in 
equipment  and  procedures  nay  result  in  such  coriespouding  increases  in  the 
attainable  accuracy  and  detail  interpretation  that  the  preparation  of 
topographic  maps  will  prove  feasible. 

(3)  Reference  21a(5)  shows  that  proposals  are  now  being  made  for  increasing 
still  further  the  topographic  Infoimatlon  obtainable  from  airborne 
electronic  devices. 

(4)  The  successful  prosecution  of  all  contemplated  phases  of  research  and 
devalojjment  on  this  project,  will  require  continuous  coordination  with 
the  Air  Force.  Necessary  liaison  will  be  maintained  through  personnel 
and  facilities  already  provided  by  both  services  for  this  purpose. 

(5)  Agencies  Interested  in  this  project,  in  addition  to  the  Corps  of  Engineers, 
are  the  Arny  Field  Forces  and  the  DeiKirtmerit  of  the  Air  Force 

e.  PROJECT  PLAN; 

(1)  It  is  proposed  to  carry  out  research  on  both  standard  and  new  photo- 
grammetrlc  techniques  to  determine  the  best  procedures  for  mappli^g  with 
Information  obtained  from  radar  and  other  types  of  airborne  electronic 
devices.  A study  of  the  perspective  properties  of  the  presentations 
(photographs  of  PPI  scopes,  etc.),  the  correlation  between  scale  and  the 
identification  of  map  detail,  and  the  operational  principles  Involved  in 
obtaining  this  new  type  of  information  will  be  Included  in  the  investiga- 
tion. 

(2)  As  lnproveraents  in  radar  equipment  and  operating  procedures  indicate 
greater  map  accuracy  or  modified  mapping  techniques,  additional  airborne 
tests  will  be  requested.  Investigations  will  be  made  to  determine  what 
modifications  of  methods  and  equipment  or  what  new  items  of  equipment  are 
necessary  or  desirable  to  overcome  any  deficiencies  brou^t  out  by  these 
tests.  When  modifications  Involve  the  Improvement  of  radar  equipment, 
appropriate  recommendations  will  be  made  to  the  Air  Force. 

(3)  Research  and  engineering  studies  required  to  determine  the  desired 
military  characteristics  of  new  items  of  equipment  will  be  made  and  a 
separate  project  or  projects  to  develop  the  desired  equipment  will  be 
initiated. 
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JUSTIFICATION  OF  THE  APPROXIMATION  IN  EQUATION  (2) 


or 


Eqxiation  (2)  is  given  as: 

..2  . /id^Hh  - 2d^h^  + h3n  + i(2) 

^ 'A j ' 


S2  = A + E (33) 

where 

h2 

A = Hh  - ^ J (31^) 

It  is  desired  to  substitute  d = h in  the  third  term  of  A.  This  sub- 
stitution is  made  to  simplify  the  results,  and  is  justified  on  the 
basis  that  there  is  little  effect  on  the  final  result  since  the 
relative  numerical  values  of  the  quantities  involved  are  generally 
small. 


The  range  of  d is  from  zero  to  h.  This  is  illustrated 
graphically  for  the  extreme  cases  in  Figure  22;  d is  zero  when  L 
is  on  the  perpendicular  bisector  of  ET,  and  d is  equal  to  h when  L 
lies  on  the  extension  of  the  line  ET  (or  vertically  over  the  target ).- 

As  originally  derived-,  A is  equal  to  the  expression  shown 
in  (3^).  With  the  substitution  of  h^  for  ^ A becomes 

A^Eh  -f  (35) 

The  error  in  A by  -this  substitution  is  h^/U  - d^/k.  The  maximum 
value  of  this  error  is  h^/k  (which  occurs  when  d = 0). 

Differentiating  equation  (33);  realizing  that  B is  con- 
stauit,  -the  expression  for  the  error  in  -this  equation  is  given  by 

28AS  = AA  (36) 

From  the  previotis  discussion  the  maximum  error  in  A is  given  by 
h2/4.  IHiuB  the  percentage  of  error  in  S is  given  by 

AS  _ AA  _ h2  _ 1 (h)2 
“S“  ~2^ ^ 2j^  ^37) 
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The  relief  is  generally  much  smaller  than  the  slant  range, 
and  thus  the  maximum  error  introduced  hy  substituting  d for  h in  a 
single  term  is  small.  Even  in  the  extreme  case  where  the  relief  is 
one-half  the  slant  range,  the  maximum  error  in  slant  range  produced 
by  this  substitution  is  only  3 percent.  In  the  general  case  it  will 
be  considerably  lower  than  this  as  Table  I illustrates. 
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